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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies (ISO
member bodies). The work of preparing International Standards is normally carried out through ISO technical
committees. Each member body interested in a subject for which a technical committee has been established has
the right to be represented on that committee. International organizations, governmental and non-governmental, in
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0 Introduction
0.1 Rationale for enterprise-ref erence architectures and met hodologies

Industrial enterprises create and modify manufacturing and business operations to improve performance
in local and global markets. In the operational phase, they deploy a variety of resources such as people,
information systems, and automated machinery. Individually and collectively these resources provide the
functional capabilities required to expedite business processes and their constituent activities. The inter-
working of resources needs to be organised and targeted to accomplish the mission. This requires
suitable business rules and organisational structures to enable the enterprise to provide products and
serviges to Its customers in conformance with agreed upon criteria.

Entefprises operate under uncertain market and environmental conditions so that enterprise_eng|neering
may |need to be ongoing. It follows that enterprise personnel have a variety of roles to play‘in the
conception and ongoing development of the mission, business rules, business processes, organigational
structures, and supporting resources and services. Because of the high levels of complexity invdlved in
entefprise engineering, invariably it is necessary to deploy means of assessing, structuring, coorflinating
and $upporting these engineering activities.

Entefprise-reference architectures underpinned by reference methodologies provide generally applicable
means of organising and coordinating engineering projects. By adopting, and as required adapting, a
reference methodology and architecture, enterprise personnel can/cooperate in progressing enteyprise-
engineering projects, improving the enterprise and utilisation of.reSources. By adopting a reference
metHodology, architecture, and a supporting tool set, it becomes practical for personnel to reuse [explicit
entefprise designs and models to achieve enterprise engineering on an ongoing basis to realise {urther
imprpvements in enterprise operation.

Thergfore, a vital need is an enterprise engineering@nd integration reference base providing
metHodologies and supporting technologies that can realistically treat the problem of enterprise
integration.

The york of the IFAC/IFIP (International Federation of Automatic Control/ International Federatign for
Information Processing) Task Force on,Architectures for Enterprise Integration and of many othgr similar
orgahisations around the world have recently focused their work on this problem in hopes of achieving
the dgeneric solution needed. Their work has shown that such a reference base can be devised, gnd must
be underpinned by an enterprise=reference architecture that:

a) dan model the whole lifevhistory of an enterprise-integration project from its initial concept thfough
definition, functional design or specification, detailed design, physical implementation or conptruction,
qperation to decoranissioning or obsolescence;

b) d@ncompasses the people, processes, and equipment involved in performing, managing, and
dontrollingthe enterprise mission.

It is impartant to note that enterprise-reference architectures deal with the structural arrangemen
(orga nlsatron) of the development and |mpIementat|on of a prorect or programme such as an ent
integra Ter-enterprise-devetopmer . =
archrtectures system archrtectures deal with the structural arrangement (design) of a system; for
example, the computer-control-system part of an overall enterprise-integration system.

The IFAC/IFIP Task Force on Architectures for Enterprise Integration has developed the definition of a
complete, generalised enterprise-reference architecture and methodology and has called it GERAM,
described in annex A. GERAM will be used as the example reference for the requirements set forth in
this document.
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0.2 Key

princ iples of enterprise integration

Several concepts that describe the nature of enterprise-reference architectures and methodologies have
emerged from the studies of the IFAC/IFIP Task Force on Architectures for Enterprise Integration that
can greatly simplify, integrate, and extend the work of enterprise engineering. This work has led to the
development of GERAM, which is capable of supporting those who plan, design, and implement complex
enterprise-integration projects.

Key principles of an enterprise-reference architecture are described below to provide a basis for the

requirem

ents of clause 4.

0.2.1 Applicability to any enterprise

The early
largely td
the basid

mission @r any other such attributes involved and to all aspects of the enterprise. In addition; it has b,

a mistak
problems
in the as
problem,

The refe
manufac
productid
would re
of inform

0.22 K

No enter
services
enterpris|
enterpris|

0.2.3 Se

There ar
below.

a) One
prod
ener
and

b) The
achisd

work in CIM (computer-integrated manufacturing) and enterprise integration was confiped
the field of discrete-parts manufacturing, and to computers and information handling{How
principles involved in enterprise integration apply to any enterprise, regardless of ts size al

P to confine the integration discussions to information and control systems alone, Often ther
within the mission system, manufacturing or other customer product and service operation
bociated human and organisational area whose solution would greatly ease)the overall syste
that is, a total solution must involve information, culture, and mission,

ence architecture can be extended to cover all possible types of-enterprise by considering
uring as a type of customer service, providing concept, develgpment, design, modification,

bresent the customer service rendered by any enterprise éven if that service involved the su
ation-type products to the customer.

Enterprise identification and mission definition

brise can exist in the long term without a busihess or mission, that is, it must produce produ
desired by its customers. It usually produces these products or services in competition with
bs. Therefore the enterprise identification and mission definition are essential parts of any
b-integration project.

paration of mission-fulfillment functions from mission-control functions

e only two basic classes of functions involved in operating any enterprise. These are descrif
class comprises fgnetions involved in fulfilling the mission, i.e. operating the processes that
ice the productor Service. In the manufacturing plant these would include all material and
hy transformation tasks and the movement and storage of materials, energy, goods-in-proce

products;.and services.

bther class comprises functions involved that manage and control the mission-fulfillment to
ve.the desired economic or other gains that assure the viability or continued successful

n, and supply of goods to the customer. Thus the mission-execution area of the architecturg

Ver,
d
een

e are
5, Or
m

pply

btS or
Dther

ed

exist

ncaof the antarnrice Theca inelude thae collection starane and tica (trancfarmations) of
SREEe-OtHe-eHeHpPHSEe— e SeHRGHGEeREe-Cone cHORSteRRge,aReUSe-{HaRSHeH R aHORS 64

information to control the business processes, that is, to develop and apply necessary changes to the
business processes to achieve and maintain their desired operation. Control includes all planning,
scheduling, control, data management, and related functions.

viii
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Identification of pro cess structures

Enterprise operation consists of many transformations of material, energy, and information that can be
categorised into two distinct classes: one for information transformations and the other for material and
energy transformations. These transformations will be carried out by many separate activities that can be
executed both concurrently and sequentially to constitute processes of an equivalent class. Processes of
both classes interface with each other in those activities that request and report status, and in those
activities that deliver operational commands. In combination these transformations define the total
functionality of the enterprise being considered.

0.2.5

For
exec
may

b) n

P

[e

c)

It is (
the d

0.2.6

All e
entrd

Identification of pro cess contents

tion of many business processes of all types in both classes mentioned in 0.2.4. Otherar0
be automated or mechanised. There are only three classes of implemented tasks or busine
sses, which are as follows:
nformation and control activities that can be automated by computers or other control devic
nission activities that can be automated by the mission-fulfillment equipment;

ctivities carried out by humans, whether of the information and control ‘'or mission-fulfillmen

esirable to have a simple way of showing where and how thediuman fits in the enterprise a
istribution of functions between humans and machines is accomplished.
Recognition of enterprise life- cycle phases

nterprises, of whatever type, follow a life cycle from'their initial concept in the mind of an
preneur through a series of stages comprising their development, design, construction, ope

and maintenance, refurbishment or obsolescence,\and final disposal.

Not ¢
furth
a mg
prod
stepq

A pa

creafion and modification-of-enterprise entities (its development, design, construction, etc.) and
ation). This distinction enables the orderly move (release) from the engineering environmer

(ope
oper
oper
0.2.7

The

nufacturing plant (enterprise) as its_product. The manufacturing plant would then produce it
to those discussed here (see'0.2.1).

ticular distinction can be made between those life-cycle phases which are concerned with t

htion environment, providing for validation, testing and release of engineering results prior t
htion.

Evolution ary approach to enterprise integration

ntegration of all of the informational and customer-product and service functions of an ente

may

fay

[

nly does this life cycle apply to the enterprise but also to the enterprise products as well. C§
br, one enterprise can be the product.of another. For example, a construction enterprise cou

ict, such as an automobile. The automobile also has its own life cycle that goes through sim

ind
esses
bS

class.

nd how

ation

rried

Id build
b OWn
ilar

e

:I‘heir use

t to the
D

prise

into a

<

2 nart nf 2 mactar nlan Thao actual imnlamantatinn af crich intaaratinn mav, ha hralcan 11
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series of co-ordinated projects that are within the financial, physical, and technical capabilities of the
enterprise. These projects can be carried out individually or collectively, as these resources allow, as long

as th
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0.2.8 Modularity

Because of the massive nature of all enterprise integration projects, modularity should be enforced
whenever possible. Thus it would be helpful if all activities were defined in a modular fashion, along with
their required interconnections, so they may later be interchanged with other activities that carry out
similar functions but in a different manner should this be desirable. Likewise, these replacement activities
would also be best implemented in a modular fashion, permitting their later substitution by still other
different methods of carrying out the same function. The choice of these implementation methods can be
governed by independent design and optimisation techniques as long as the activity specifications are
honoured.

Provided the modular implementation just stated is used, the interconnections between these modules
can be censtdered-rterfaces: hese-irterfacesare-specifiedaraHmplermentedusihe coffpany; 'stry,
national and/or internationally agreed upon standards, the interchange and substitution noted above) will

be greatly facilitated.

0.3 Aim|and benefits of deploying enterprise-ref  erence architectures and met hodolegies

An enterprise-reference architecture with its associated methodologie and related enterprise-enginedring
technologies that fulfill the requirements of this standard will enable an enterprisefintegration-planning
team to getermine and develop a course of action that is complete, accurate, properly oriented to future
business|developments, and carried out with the minimum of resources, persennel, and capital. Thaf is,
to:

a) descfibe the tasks required,;

b) define the necessary quantity of information;

c) spec|fy relationships among humans, processes, and equipment in the integration considered;
d) addrgss management concerns;

e) address relevant economic, cultural, and technological factors;

f) detai] the extent of computer-support required,;

g) suppprt process-oriented modelling:that can model the whole life history of an enterprise.

0.4 Bengefits of this standard

The entefprise-reference architecture and methodology requirements in this standard will allow a spgcific

enterprise-reference architecture and methodology to be checked for completeness with respect to its
current and future purpose. This standard will help guide their development.

This bengfit will be most relevant to any group charged with improving an enterprise infrastructure o its
processes. Such-a group will find it necessary to either select or create a reference architecture of it own

with a tefminology that pertains specifically to the company, industry, and culture involved. This standard
will he|p Unirln that selection-or creation
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Industrial automation systems — Requirements for enterprise-
reference architectures and methodologies

1 Scope

This International Standard defines the requirements for enterprise-reference architectures and
methodologies, as well as the requirements that such architectures and methodologies must satisfy to be
considered a complete enterprise reference architecture and methodologies.

The scope
deemed n
projects rqg

a) enterg

b) major

c) incremental changes affecting only parts of the enterprise-life cycle.

2 Normative references

The follow
this Intern
publication
investigatg
undated r
maintain r

ISO 14251, Industrial automation systems — Concepts and rules for enterprise models.

ISO 1425
Corrigend

3 Tern

For the pu

3.1
activity
all or part

NOTE E
allocate timj

of these enterprise-reference architectures and methodologies covers those constituents
pcessary to carry out all types of enterprise creation projects as well as any incrementakeha
quired by the enterprise throughout the whole life of the enterprise, including

rise creation,

enterprise restructuring efforts, and

ng normative documents contain provisions which, through reference in this text, constitute

hge

provisions of

ational Standard. For dated references, subsequentcamendments to, or revisions of, any of these

s do not apply. However, parties to agreements based,on this International Standard are e

the possibility of applying the most recent editions*of the normative documents indicate
bferences, the latest edition of the normative document referred to applies. Members of
pgisters of currently valid International Standards.

, Industrial automation systems —.€oncepts and rules for enterprise models: Technical
im 1.

s and definitions

Fposes of this International Standard, the following terms and definitions apply.

pf functighality

terprise-activity consists of elementary tasks performed in the enterprise that consume inputs and
e.and resources to produce outputs.

ncouraged to
d below. For
SO and IEC

3.2

architecture
a description (model) of the basic arrangement and connectivity of parts of a system (either a physical or
a conceptual object or entity)

NOTE There are two, and only two, types of architectures that deal with enterprise integration. These are:

a) system architectures (sometimes referred to as "type 1" architectures) that that deal with the design of a
system, e.g. the computer control system part of an overall enterprise integration system;

b) enterprise-reference projects (sometimes referred to as "type 2" architectures) that deal with the organisation of
the development and implementation of a project such as an enterprise integration or other enterprise
development programme.
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3.3
attribute
a piece of information stating a property of an entity

NOTE An attribute models an intrinsic property of something, for example, the geometry of a part, the condition of
a tool, or the qualifications of a worker.

3.4
behaviour
how the whole or part of the system acts and reacts

35

businessprecess

a partially ordered set of enterprise activities that can be executed to realise a given objective of an
enterprisg or a part of an enterprise to achieve some desired end-result

3.6
enterprise
one or mpre organisations sharing a definite mission, goals, and objectives to offer an_eutput such a$ a
product gr service

NOTE This term includes related concepts such as extended enterprise or virtual enterprise.

3.7
enterprisg engin eering
the discipline applied in carrying out any efforts to establish, modify,~or reorganise any enterprise

3.8
enterprisg model
a represgntation of what an enterprise intends to accomplish and how it operates

NOTE An enterprise model, which is used to improve the effectiveness and efficiency of the enterprise, identifies
the basic plements and their decomposition to any necessary degree. It also specifies the information, resourcgs
and orgarjisational requirements of these elements,(and provides the information needed to define the requirements
for integrgted information systems.

3.9
framewofk
a structufal diagram that relates the.component parts of a conceptual entity to each other

NOTE Neither the structure involved nor the relationship of the parts to each other have a life cycle or time
relationshjp in contrast to the-enterprise-reference ("type 2") architecture.

3.10
genericit
the externt to which a concept is generic

3.11
life cycle
the finite set of generic phases and steps a system may go through over its entire life history

3.12
life history
the actual sequence of steps a system has gone through during its lifetime
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3.13
master plan

the documentation of the major engineering and operations planning effort carried out prior to any large

enterprise integration or other systems engineering project

NOTE The master plan is based on management goals for the project and uses functional and economic analysis
techniques for the preliminary engineering of the project to achieve an initial design specification and prove

economic feasibility.

3.14

methodology
a set of instructions (provided through text, computer programs, tools, etc.) that is a step-by-step
the user

aid to

NOTE In carrying out needed aspects of the life cycle of the entity integration project, the methodoelegy p
or depcribes the processes of enterprise engineering and integration. A methodology may take acé¢ount of
involyed social, political and economic aspects.

3.15
missfon

that @ctivity in which an enterprise engages to fulfil the customer product orcservice function for
was established; the mechanism by which an enterprise achieves its goals and objectives

3.16
model
an abstract representation of reality in any form (including mathiematical, physical, symbolic, gra
descfiptive form) to present a certain aspect of that reality foranswering the questions studied

NOTE A model can be used to describe the enterprise activities or the different phases of the life cycle o
enterprise (see 3.8).

3.17
organisation
the structure of an enterprise and the distribution of responsibilities and authorities in the enterpr

3.18
resolirce

an enterprise entity that provides some or all of the capabilities required by the execution of an €
activjty and/or business process

3.19
structure
the definition of thexrelationships among the components of an organization

3.20
systgm
a collection of real-world items organised for a given purpose

rescribes
any

vhich it

bhical, or

the

nterprise

NOTE A system is characterised by its structure and its behaviour.
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4 Requirements for enterprise-reference architect ures and methodologies

4.1 App

li cability and coverage of enterprise-entity ty pes

4.1.1 Generality

Enterprise-reference architectures and methodologies shall be capable of assisting and structuring the
description, development, operation, and organisation of any conceivable enterprise entity, system,
organisation, product, process, and their supporting technology. There may be reference architectures
that cover a sub-set and therefore are confined to a specific class or type of enterprise or systems (such
as discrete parts manufacturing, process industries, and information systems). However, the area
covered by these reference architectures and methodologies shall be clearly identified.

The metiLodoIogy associated with a reference architecture shall provide the necessary guidelines anji

manager
operatior
enterpris|

Enterprig
and its a

and/or frameworks that might be used for it. The primary consideration shall be.applicability and

capability

Enterprisg
describe

412 E

Enterpris
conceive
3.2.3 and

413 E
Enterprisg
results of
support &
4.2 Corn
421 G
The ente
descripti

througho

422 H

hent techniques for the initiation and pursuit of a project or program of developmentand
of an enterprise or entity. Such a methodology may or may not be model-based. {That is, th
P engineering process may or may not result in a specific enterprise model.

e-reference architectures and methodologies need not be based on any one single methodg
ccompanying architecture or framework. There are potentially many different methodologieg

in relation to these requirements.

e-reference architectures and methodologies shall identify cofcepts and components as
i in 4.2 and 4.3.

hterprise design

e-reference architectures and methodologies shall identify the activities needed to manage,
define, describe, design, implement, maintainzand decommission any enterprise entity. Se
3.4 of ISO 14258.

hterprise operation

e-reference architectures and methodologies shall identify the activities needed to use the
enterprise engineering in the gperation itself. Such use may include model-based decision
nd model-driven operation(monitoring and control.

cepts

eneral

rprise-referénce architectures and methodologies shall address the role of humans, the

bn of progesses (function and behaviour) and the representation of all supporting technologi

ut the life cycle of the enterprise.

Iman oriented

e

logy

[

Enterpris
aspects,

e-reference architectures and methodologies shall exhibit the capability to represent human
such as organisational and operational roles, capabilities, skills, know-how, competencies,

responsibilities, authorisation, and relations to the organisation.
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4.2.3 Process oriented

Enterprise-reference architectures and methodologies shall exhibit the capability to represent the
enterprise operation. Such representations shall cover both the functionality and behaviour of the
operation. The representations shall recognise the life cycle and life-history concepts of enterprise-entity
types and shall support process-oriented operations.

4.2.4 Technology oriented

Enterprise-reference architectures and methodologies shall exhibit the capability of representing all
technologies employed in the enterprise operation.

t v atro A2 3ant4-24-sha orthtegration-technotog yfrastroctafes used
to support enterprise engineering and operation of business processes, models of enterprise resource (infgrmation
ology, manufacturing technology, office automation and others), facility layout models, information-system

Is, communication-system models and logistics models.

Mission-fulfillment oriented
@ss and its constituent activities involved in performing the establisheddmnission of the entergrise in
terms of providing the enterprise products and services to its customers.

4.2.4 Mission-control oriented

Entefprise-reference architectures and methodologies shall exhibit the capability to represent an
process and its constituent activities of the accomplishment ©f.the management and control of the
established mission of the enterprise according to the critefia established by enterprise management.
4.2.71 Framework for enterprise mode ling
Entefprise-reference architectures and methodelogies that are model-based shall exhibit the capgbility to
model entities within the conceptual space defined by the dimensions of life cycle, genericity, anfl
modelling views.

NOTIEE These dimensions are discussed further in ISO 14258.

4.2.9 Life cycle

Entefprise-reference architectures and methodologies shall identify and represent the life-cycle ghases
that @re pertinent during-\the life of any enterprise entity.

NOT Life-cycle phases encompass all activities from inception to decommissioning (or end of life) of th
enterprise entity which might be characterised. There is no presumption that these phases are necessarily
sequéntial.

[¢)

4.2.9 Ldife‘history

An enterprise-reference architecture and methodology shall be capable of representing the life history of
any enterprise entity; that is, the representation in time of activities carried out on any enterprise entity.

NOTE Using the life-cycle concept of 4.2.8, the user can identify these activities as life-cycle-activity types while
the life history allows the same user to identify the corresponding time element. This demonstrates the iterative
nature of the life-cycle concept compared with the time sequence of life history. These iterations identify different
change processes required on the operational processes and/or the product or customer services.
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4.2.10 Modelling views

The enterprise-reference architectures and methodologies that are model-based shall provide concepts
for representing different views (see 3.7 of ISO 14258) of an enterprise model to allow it to be described
as an integrated model but to be presented to the user in different subsets. Views contain a subset of
facts present in the integrated model in order to concentrate on relevant questions that the respective
stakeholders may wish to consider using enterprise modelling. Different views may be made available
highlighting certain aspects of the model and hiding others. The concept of view is applicable to models
of all entity types across their entire life cycle.

Enterprise-reference architectures and methodologies that are model-based shall include these four
model-content views: function, information, resource, and organisation.

4.2.11 Genericity

Those reference architectures and methodologies that are model-based shall provide the capability fpr
represenfing generic-enterprise elements (4.3.3), partial-enterprise models (4.3.4), and particular-
enterprise models (4.3.5).

4.3 Components of enterprise-ref erence architectures
4.3.1 Engin eering methodologies

Enterprige-reference architectures and methodologies shall provide enterprise-engineering
methodo|ogies that guide the user in the process of management of change and provide methods of
progress|on for every type of life-cycle activity for any enterprise-entity type.

Enterprise-engineering methodologies shall describe the process of enterprise integration and entergrise
modelling. Different methodologies can exist that will cover different aspects of the enterprise-changpe
processes. These can be complete integration processes, or incremental changes as experienced infa
continuoys improvement process.

pdelling languages

modelling languages or modelling constructs that allow the enterprise operation to be described. Seqd 3.2

of model|ing constructs shall'be adapted to the needs of people creating and using enterprise models.
b, different languages may exist to accommodate the aspects of different users (e.g. businegs
stem designers, information-technology modelling specialists, and others). In addition, modglling

Enterpriseanodelling languag
and theirfunetionat-conten wet-o 6 6
Their semantics can be described in terms of ontological theories. This is especially important if
enterprise models are to support the enterprise operation itself, because such models must be
executable. However, the definition of the formal semantics shall be supported by natural language
explanations of the concepts as well.

4.3.3 Generic Elements
Enterprise-reference architectures and methodologies can be based on generic elements of enterprise

design and modelling. Such generic elements are, in increasing order of formality, glossaries, meta-
models, and ontological theories. These elements provide for consistency of enterprise representations.
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4.3.4 Partial models

Enterprise-reference architectures and methodologies that are model-based shall support the concept of
partial-enterprise models (reusable reference models). This allows the user to capture and reuse
concepts common to many enterprises and thereby to increase modelling efficiency. Partial models still
need adaptation to the requirements of the specific enterprise. Partial models can cover one or all
concepts identified in 4.2.

4.3.5 Particular models

Enterprise-reference architectures and methodologies that are model-based shall support the creation of
particular-enterprise models that describe part or all of any enterprise entity.

Entefprise models may be expressed in enterprise modelling languages and may be maintained| created,
analysed, stored, and distributed using enterprise-engineering tools. Both model creation and-mqdel use
may [be supported by integrating-information-technology services. The use of such services will ¢nsure
access to real-time information in the engineering and operational environments of the \enterprisg.

4.3.4 Tools

Entefprise-reference architectures and methodologies shall be supported byComputer based tools that
aid t:re user in enterprise engineering and integration projects. Such tools‘shall be based on one for more
entefprise-engineering methodologies and may have implemented one or more modelling langugge.

SucH tools shall provide analysis and simulation capabilities for the creation, manipulation, use, and
management of enterprise designs and models, as well as theiranalysis, description, and evalugtion.
Thege functions are needed for decision making in the course’'of enterprise engineering. In additjon, such
tools|may support collaborative work across organisationhéundaries.

Engipeering tools can enable the user to connect enterprise designs and models with the real business
process, so as to keep the designs and models upito-date.

4.3.71 Modules

Entefprise-reference architectures and‘'methodologies shall provide the capability for representing the
concppt of enterprise modules or implemented building blocks or systems (products, or families ¢f
produycts) that are utilised as common resources in enterprise engineering and enterprise integragion.
One [set of enterprise modulesiimportant to enterprise engineering and integration is the integrating

infragtructure or the set of integration-technology services required for enterprise engineering anfl
operation in heterogeneads-€nvironments.

4.3.4 Enterprise-operat ional systems

One fesult of thetenterprise-engineering process shall be a design or model for the enterprise-operational
systgm. The-enterprise operational system shall consist of the hardware and software needed to [fulfil the
entefprise ‘objectives and goals. The content of the operating system is derived from enterprise
requirements.

4.4 Representation

Enterprise-reference architectures and methodologies shall provide a mechanism to guide users in the
use of the associated components of 4.3, e.g. a framework or high-level, graphical interpretation. The
framework or graphical form should show the applicability of, and relations between, the different
components.
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4.5 Glossary

To promote understanding about projects and other co-operative efforts, enterprise-reference
architectures and methodologies shall provide a

a) consistent glossary and a semantics and syntax for use in enterprise-engineering and integration
efforts, or

b) reference to other suitable glossaries.

5 Completeness and compliance

The degrlee of completeness of a candidate architecture and methodology shall be determined by-their
limits of applicability as defined by 4.1 and the extent to which they employ the concepts and
compongnts of 4.2 and 4.3. Consequently the degree of completeness from this point of view shall b

measurefl by any restrictions to a particular class or type of enterprise.

D

Any assgssment of the degree of compliance of a candidate architecture and methodology shall be
qualified by the following:

a) a prdliminary statement as to whether or not they are model based,;

b) a statement of the degree to which they then conform partially or tétally to the appropriate
requirements of 4.2 to 4.5.

In the event of partial compliance, areas of non-conformance shal be explicitly identified.
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Annex A
(informative)
GERAM: Generalised Enterprise-Reference Architecture and Methodologies

A.1 Introduction

A.1.1 Backgr ound

One of the most important characteristics of today's enterprises is that they are facing a rapidly changing

envi :

entefprises themselves need to evolve and be reactive so that change and adaptation should-be
natutal dynamic state rather then something occasionally forced onto the enterprise. This.necess
the iftegration of the enterprise operation' and the development of a discipline that organises all
knowledge that is needed to identify the need for change in enterprises and to carry aut'that cha
expediently and professionally. This discipline is called Enterprise Engineeringz.

Prevjous research, carried out by the AMICE Consortium on CIMOSA, by the(GRAI Laboratory @
and GIM, and by the Purdue Consortium on PERA, (as well as similar methiadologies by others)
produiced reference architectures which were meant to be organising all enterprise integration kn
and $erve as a guide in enterprise engineering programs. The IFIP/IFAC-Task Force analysed th
architectures and concluded that even if there were some overlaps; hone of the existing refereng
architectures subsumed the others; each of them had something‘unique to offer. The recognition
need to define a generalised architecture is the outcome of the:work of the Task Force.

Startjng from the evaluation of existing enterprise integration architectures (CIMOSA, GRAI/GIM
PERRA), the IFAC/IFIP Task Force on Architectures for\Enterprise Integration has developed an ¢
definition of a generalised architecture. The proposedframework was entitled ‘GERAM’ (Genera
Entefprise Reference Architecture and Methodology). GERAM is about those methods, models &
which are needed to build and maintain the integrated enterprise, be it a part of an enterprise, a
entefprise or a network of enterprises (virtual_enterprise or extended enterprise).

GERJAM, as presented below, defines a.tool-kit of concepts for designing and maintaining enterp
their[entire life-history. GERAM is not yet-another-proposal for an enterprise reference architecty

meait to organise existing enterprise engineering knowledge. The framework has the potential f¢r

application to all types of enterprise. Previously published reference architectures can keep their
identity, while identifying threugh GERAM their overlaps and complementing benefits compared
othets.

A.1.34 Scope

The $cope of GERAM encompasses all knowledge needed for enterprise engineering / integratig
GERJAM is defined through a pragmatic approach providing a generalised framework for describ
components needed in all types of enterprise engineering/enterprise integration processes, such

a
itates

nge

n GRAI
has
owledge
ese

e

of the

and
verall
ised

nd tools
bingle

rises for
re, but is

own
to

n. Thus
ng the
as:

e NTAOT EMETPIISE ENYIMEEnng/enterprise imtegrationm efforts(greem fietdimstattation, comptete
engineering, merger, reorganisation, formation of virtual enterprise or consortium, value chai
supply chain integration, etc.);

» incremental changes of various sorts for continuous improvement and adaptation.

Enterprise integration is about breaking down organisational barriers and improving interoperability to
synergy within the enterprise to operate more efficiently and adaptively.

maintain an integrated state of the enterprise.
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GERAM is intended to facilitate the unification of methods of several disciplines used in the change
process, such as methods of industrial engineering, management science, control engineering,
communication and information technology, i.e. to allow their combined use, as opposed to segregated
application.

One aspect of the GERAM framework is that it unifies the two distinct approaches of enterprise
engineering, those based on product models and those based on business process design. It also offers
new insights into the project management of enterprise engineering and the relationship of integration
with other strategic activities in an enterprise.

An important aspect of enterprise engineering is the recognition and identification of feedback loops on
various levels of enterprise performance as they relate to its products, mission and meaning. To achieve
such feedbaeck-withrespeetto-beth-the-trternaland-the-external-envirenment—perfermance-ndicators and
evaluatign criteria of the corresponding impact of change on process and organisation are required:yThe
continuoys use of these feedback loops will be the prerequisite for the continuous improvementprocess
of the enterprise operation and its adaptation to the changes in the relevant market, technology-and
society.

A.2 The framework for enterprise engineering and enterprise integration
A.2.1 Ggneral

GERAM provides a description of all the elements recommended in enterprise engineering and
integratign and thereby sets the standard for the collection of tools and methods from which any
enterprise would benefit to more successfully tackle initial integration design, and the change procespges
which may occur during the enterprise operational lifetime. It does not impose any particular set of tqols
or methods, but defines the criteria to be satisfied by any setof-selected tools and methods. GERAM
views enterprise models as an essential component of enterprise engineering and integration; this
includes parious formal (and less formal) forms of design,descriptions utilised in the course of desigr —

as descriped in enterprise engineering methodologies-+'such as computer models, and text and graghics
based ddsign representations.

The set gf components identified in GERAM:is:shown in Figure A.1 and is briefly described in this clguse.
Each component is then defined in more detail in A.3.

The GERAM framework identifies in(its'most important component GERA (Generalised Enterprise
Referende Architecture) the basic'concepts to be used in enterprise engineering and integration (for
example| enterprise entities, life ¢ycles and life histories of enterprise entities). GERAM distinguishe
between [the methodologies\farenterprise engineering (EEMs) and the modelling languages (EMLS)
which ar¢ used by the methodologies to describe and model, the structure, content and behaviour of|the
enterprisg entities in question. These languages will enable the modelling of the human part in the
enterprisg operationtas'well as the parts of business processes and their supporting technologies. Th
modelling process\produces enterprise models (EMs) which represent all or part of the enterprise
operations, including its manufacturing or service tasks, its organisation and management, and its cqntrol
and information systems. These models can be used to guide the implementation of the operational
system of the enterprise (EOSs) as well as to improve the ability of the enterprise to evaluate operatfonal
or organisational alternatives (for example, by simulation), and thereby enhance its current and future
performance.

D

The methodology and the languages used for enterprise modelling are supported by enterprise
engineering tools (EETs). The semantics of the modelling languages may be defined by ontologies, meta
models and glossaries which are collectively called generic enterprise modelling concepts (GEMCs). The
modelling process is enhanced by using partial models (PEMs) which are reusable models of human
roles, processes and technologies.
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Figure A.1 — GERAM (Generalised Enterprise Reference Architecture and Met  hodology)
framé¢work com ponents

The pperational use ofZenterprise models is supported by specific modules (EMOs) which provide
prefgbricated produ¢ts like human skill profiles for specific professions, common business proceglures
(e.g.|banking and tax rules) or IT infrastructure services, or any other product which can be used|as a
component indhe implementation of the operational system (EOSS).

Potentiallyiall proposed reference architectures and methodologies could be characterised in GERAM so

Cl ] Ci O 'M.
Users of these architectures would benefit from GERAM because the GERAM definitions would allow
them to identify what they could (and what they could not) expect from any chosen particular architecture
in connection with an enterprise engineering methodology and its proposed supporting components.
A.2.2 Definition of GERAM F ramework Com ponents

A.2.2.1 GERA - Generic Enterprise Reference Architecture

GERA defines the enterprise related generic concepts recommended for use in enterprise engineering
and integration projects. These concepts can be categorised as:
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a) human oriented concepts

1) to describe the role of humans as an integral part of the organisation and operation of an
enterprise, and

2) to support humans during enterprise design, construction and change;
b) process oriented concepts for the description of the business processes of the enterprise;
c) technology oriented concepts for the description of the business process supporting technology

involved in both enterprise operation and enterprise engineering efforts (modelling and model use
support).

A.2.2.2 [EEMs - Enterprise engin eering methodologies

EEMs dgscribe the processes of enterprise engineering and integration. An enterprise engineering
methodology may be expressed in the form of a process model or structured procedure with*detailed
instructigns for each enterprise engineering and integration activity.

A.2.2.3 [EMLs — Enterprise modelling languages

EMLs define the generic modelling constructs for enterprise modelling adaptéd to the needs of peop
creating pnd using enterprise models. In particular enterprise modelling languages will provide constfuct
to describe and model human roles, operational processes and their functional contents as well as the
supportirjg information, office and production technologies.

[}

A.2.2.4 |GEMCs — Generic enterprise modelling concepts

GEMC:s @lefine and formalise the most generic concepts of, enterprise modelling. Generic Enterprise
modelling concepts may be defined in various ways. In igereasing order of formality generic enterprige
modelling concepts may be defined as:

* natufal language explanation of the meaning.of modelling concepts (glossaries);

» someg form of meta-model (e.g. entity relationship meta schema) describing the relationship amdng
modelling concepts available in enterprise modelling languages;

» ontological theories defining thie,;meaning (semantics) of enterprise modelling languages, to improve
the gnalytic capability of engineering tools and, through them, the usefulness of enterprise modejs
(typigally, these theorieseuld be built inside the engineering tools).

A.2.2.5 [PEMs — Partialenterprise models

PEMs (rgusable-, paradigmatic-, typical models) capture characteristics common to many enterprise
within or facrossene or more industrial sectors. Thereby these models capitalise on previous knowledge
by allowihg model libraries to be developed and reused in a 'plug-and-play' manner rather than
developing_the models from scratch. Partial models make the modelling process more efficient.

v)

The scope of these models extends to all possible components of the enterprise such as models of
humans roles (skills and competencies of humans in enterprise operation and management), operational
processes (functionality and behaviour) and technology components (service or manufacturing oriented),
infrastructure components (information technology, energy, services, etc.).

Partial models may cover the whole or a part of a typical enterprise. They may concern various

enterprise entities such as products, projects, companies, and may represent these from various points of
view such as data models, process models, organisation models, to nhame a few.
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Partial enterprise models are also referred to in the literature as ‘Reference Models’, or ‘Type 1
Reference Architectures”. These terms have the same meaning.

A.2.2.6 EETs — Enterprise engin eering tools

EETs support the processes of enterprise engineering and integration by implementing an enterprise
engineering methodology and supporting modelling languages. Engineering tools should provide for
analysis, design and use of enterprise models.

A.2.2.7 EMs — (Particular) enterprise models

EMs represent the particular enterprise. Enterprise models can be expressed using enterprise modelling

lang i i gns; S, pport the
operation of the enterprise, etc. They may consist of several models describing various aspeets){or
views) of the enterprise.

A.2.4.8 EMOs — Enterprise modules

EMQs are products which can be utilised in the implementation of the enterprise."Examples of enterprise
modules are human resources with given skill profiles (specific professions), types of manufactuting

resolirces, common business equipment or IT infrastructure (software and-hardware) intended to| support
the gperational use of enterprise models.

Spedial emphasis is on the IT infrastructure which will support entefprise operations as well as efterprise
engimeering. The services of the IT infrastructure will provide twoumain functions:

a) model portability and interoperability by providing an integrating infrastructure across heterogeneous
gnterprise environments;

b) model driven operational support (decision supp@rt and operation monitoring and control) by
providing real-time access to the enterprise environment.

The latter functionality will be especially helpful’in the engineering tasks of model update and
modification. Access to real world data prevides much more realistic scenarios than for model validation
and yerification than simulation based on ‘artificial’ data.

A.2.4.9 EOSs — (Particular) enterprise operat ional systems
EOSE support the operatiop-of-a particular enterprise. Their implementation is guided by the parficular

ente:lr?rise model which pfeyides the system specifications and identifies the enterprise modulesjused in
the iplementation ofthe particular enterprise system.

A.3 | Description of GERAM Framework Components

A.3.1 GERA - Generalised Enterprise Reference Architecture

A.3.1.T General

GERA defines the generic concepts recommended for use in enterprise engineering and integration
projects. These concepts can be classified as follows.

Life-cycle architectures such as GERA are referred to as ‘Reference Architectures of type 2.
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a)

b)

c)

Example of enterprise reference architectures are pravided by ARIS®, CIMOSA®, GRAI/GIM®, IEM’,

Human oriented concepts, covering human aspects such as capabilities, skills, know-how and
competencies as well as roles of humans in the enterprise organisation and operation. The
organisation related aspects have to do with decision level, responsibilities and authorities, the
operational ones relate to the capabilities and qualities of humans as enterprise resource elements.
In addition, the communication aspects of humans have to be recognised to cover interoperation with
other humans and with technology elements when realising enterprise operations. Modelling
constructs will be required to facilitate the description of human roles as an integral part of the
organisation and operation of an enterprise. The constructs should facilitate the capture of enterprise
models which describe

1) human roles,

2 the-wan mawnhich hiyiman ralac ara araanicad o that thov intaranarata vwith athar hinman and
He-Way-H-WHHeH Rt aRor e Sare-BrgatHSe a-5Sotratteythteropeate-W-omertiahahna

bchnology elements when realising enterprise operations, and

—

3) the capabilities and qualities of humans as enterprise resource elements.

An appropriate methodology will also be required which promotes the retention and’reuse of models
that ¢ncapsulate knowledge (i.e. know-how possessed by humans expressed as an-enterprise asset)
during the various life phases of enterprise engineering projects.

Procgss oriented concepts, dealing with enterprise operations (functionality and behaviour) and
covefing enterprise entity life cycle and activities in various life-cycle phases, life history, enterpiise
entity types, enterprise modelling with integrated model representatiaf and model views.

Technology oriented concepts, dealing with various infrastructures used to support processes anfl
inclupe for instance resource models (information technology, manufacturing technology, office
automation and others), facility layout models, information(system models, communication system
models and logistics models.

7

PERA® ENV 40003 defines a general framework forenterprise modelling. 1ISO 14258 defines rules gnd

conceptd for enterprise models.
A.3.1.2 |[Human oriented concepts

The role pf humans in the enterprise.remains fundamental. However sophisticated and integrated an
enterprisg can be, humans will always’/make the final decision. With the emergence of decentralised

organisations, flat hierarchies, and-responsibility and authority delegation, the knowledge about the rples
of individuals and who is respensible for what becomes an invaluable asset for any enterprise especially

those operating according to\new management paradigms. Therefore, capturing this knowledge in

enterprise models will prove’to be very useful and enable flexible reaction to environmental changed In

addition the different factors describing the capabilities of humans have to be captured as well. Human
factors afe concerpedwith professional skills, experience, etc.

ARIS: Architektur fur Informations Systeme (Architecture for Information Systems)

CIMOSA: CIM Open Systems Architecture

GRAI/GIM: Graphe et Résultats et Activités Interreliés (Graphs with Results and Activities Interrelated)/ GRAI
Integrated Methodology

IEM: Integrated Enterprise Modelling

PERA: Purdue Enterprise Reference Architecture
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Typically humans may assume different roles during enterprise engineering and operation. Examples
are: chief executive, chairperson, marketing, sales, technical (R&D), finance, engineering and
manufacturing directors, product design, production planning, information systems, quality, product
support, logistics, capital equipment, shop floor and site managers; assistant managers, accountants,
cashiers, product, process and information system designers, production engineers, electrical and
mechanical technicians, maintenance personnel, quality inspectors, supervisors and foremen, machine
operators, storeroom and inventory persons, progress chasers, secretaries, drivers, cleaners,
management and systems consultants, systems integrators, system builders, and IT suppliers and
vendors. Also alternative organisational structures may be deployed, for example elements of an
organisation may be linked hierarchically or heterarchically and demonstrate properties of holons, webs,
nets, temples or clusters. Further organisational structuring may occur on a functional, process or
geographic basis.

Often humans and groupings of humans will be assigned a number of roles and responsibiliti€s which

need to be carried out concurrently and cohesively, where each may involve different reporting lines and
contijol procedures. Furthermore their roles can be expected to change over time as process
requirements change and individual and group capabilities advance or decline. The ability to mapage and
deplgy human resources effectively and collectively under complex and changing circumstanceq is key to
the dompetitive position of an enterprise.

Althqugh it is not practical to model all aspects of human roles within an enterprise, concepts arg required
to fofmally represent those human factors connected with enterprise integration. This should be achieved
in a \vay that harmonises human roles with that of other human and technology elements, as an |ntegral
part of the organisation and operation of an enterprise. Hence the peéd for constructs which promote the
capturre of knowledge (possessed by humans) in the form of reusable enterprise models about

» the role of individuals and groups of individuals,

» the way in which organisational structures and constraints are applied to co-ordinate those rdles, such
gs via the delegation of responsibilities and contrel*and reporting procedures, and

» the capabilities and qualities of humans, treated as resource elements.

It is important to understand when, by wheiv and how decisions are made in the enterprise as wgll as who
can flulfil certain tasks in the replacement of others.

Knowledge about the roles of hunians and ways in which those roles can be harmonised can be
capitplised and reused as an enterprise asset. The degree to which such knowledge can be formplised
within computer processable.models will directly influence the degree to which it can be capitalised.
Computer processable models naturally facilitate analysis, transformation, storage and integratign (based
on common understandings). Whereas mental models retained and processed by humans will b¢ less
tract@ble for such purposes. However the retention and reuse of informal models (such as in the fform of
cause and effect relationships and shared mental models or images) can also be of significant bgnefit in
realising improved-cohesion in an enterprise. Hence even where formal modelling of human issyes
proves impractical the retention and reuse of knowledge should be encouraged by deploying suitable
socigl proéesses, human organisational structures and methodologies and tools which promote gxplicit
model capture and visualisation.

The ability to retain and reuse human factors knowledge can be of vital importance to the competitive
position of an enterprise. Its reuse can enable an enterprise to

» respond rapidly to new market opportunities or changes in environmental conditions,
* reengineer its business (and manufacturing) processes,
» improve its management and utilisation of resources as new products and services are launched, and

» improve its resilience to the loss of core competancies in the form of knowledgeable human assets.
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A taxonomy of human factors and their relation to the activity model would allow to relate human aspects
to enterprise models. Needed are human role models on decision making, capabilities, socio-technical
models (motivation, incentives, etc.), skill models, and organisational models, with others to be
determined.

Human role models will support the definition of human responsibilities and authorisation in both the
enterprise operation and its organisation. Such models will support the collection of relevant information
and its recognition in the design of the operational system. GERA caters for human factors in its view
concept (see A.3.1.5.3). This concept provides in its process oriented model views and technology
oriented implementation view for the recognition of humans and the capturing of relevant information.
Also the role of humans as an operational resource is recognised in these views. In this role the human
skills and capabilities will be described. The human aspect of enterprise integration must also be
thoroughpr-deat-with-ir-the-change-methodology-beth-irthe-humans+ele-ef-change-agentand-inthg role

of potentjal and actual resource (see A.3.2).

A.3.1.3 [Process oriented concepts
A.3.1.3.) General

Businesq process-oriented modelling aims at describing the processes in the entefprise capturing both
their fungtionality (that is what has to be done and by what role) and their behaviour (that is when thipgs
are doneland in which sequence). In order to achieve a complete description®of the processes a number
of concepts have to be recognised in the guiding methodology. The process=ariented concepts defingd in
GERA ate:

» entefprise entity life cycle and life-cycle phases;

» life hystory,

* entelprise entity types, and

» enteffprise modelling with integrated model representation and model views.

These cdncepts will be described in more detail-below.

A.3.1.3.2 Life cycle

A.3.1.3.21 General

Figure A]2 shows the GERA life cycle for any enterprise or any of its entities. The different life-cycle
phases define types of activities that are pertinent during the life of the entity. Life-cycle activities
encompdss all activities'from identification to decommissioning (or end of life) of the enterprise or entity.
A total of seven life-gyGle activity types have been defined, which my be subdivided further as
demonstfated for, the'design type activities which have been broken down into two lower level types pf
activities| (basedwon the customary subdivision in many industries of design into preliminary- and detailed

design agtivities). The life-cycle diagram used in the description of the life cycle of an entity is itself 4
model of|the)enterprise engineering methodology.

A.3.1.3.2.2 Entity identification

This is the set of activities which identify the contents of the particular entity under consideration in terms
of its boundaries and its relation to its internal and external environments. These activities include the
identification of the existence and nature of a need (or need for change) for the particular entity. In other
words these are the activities which define what is the entity of which the life cycle is being considered.
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Figure A.2 — GERA life- cycle phases for any entérprise or entity
.3.2.3 Entity concept
bet of activities that are needed to develop the concepts of the underlying entity. These con
He the definition of the entity’s mission, vision, values; strategies, objectives, operational co
es, business plans and so forth.
.3.2.4 Entity requirement
hetivities needed to develop descriptians of operational requirements of the enterprise entity

S. This description includes both-sefvice and manufacturing requirements and management

hisational entities), or machinery (including manufacturing-, information-, control-, communi
y other technology).

.3.2.5 Entity design

hctivities whieh-support the specification of the entity with all of its components that satisfy t
rements. The-scope of design activities includes the design of all human tasks (tasks of ind
bf organisational entities), and all machine tasks concerned with the entity’s customer servig
Iicts andthe related management and control functions. The design of the operational procg
Hes'the identification of the necessary information and resources (including manufacturing-,

infor

bepts
ncepts,

, its

ant processes and the collection of all'their functional, behavioural, informational and capaljility

and
als or
cation-,

ne entity
viduals
es and
sses

ndation-, communication-, control- or any other technology).

Any life-cycle stage may be subdivided into sub-stages to provide additional structuring of life cycle
activities. For example, see figure A.2 in which the design activity is divided into functional design and
specification and detailed design to permit the separation and classification of:

a) overall enterprise specifications (sufficient to obtain approximate costs and management approval of
the ongoing project);
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b) major design work necessary for the complete system design suitable for fabrication of the final
physical system 2

A.3.1.3.2.6 Entity implementation

The activities which define all those tasks which must be carried out to build or re-build (i.e. manifest) the
entity. This comprises implementation in the broadest sense, covering:

a) commissioning, purchasing, (re)configuring or developing all service, manufacturing and control
software as well as hardware resources;

b) hiring and training personnel, and developing or changing the human organisation;

C) com;l)onent testing and validation, system integration, validation and testing, and releasing into
opergtion.

Note thaf the implementation description (documentation) may deviate from the design specification|of
the entity due to preferences or unavailability of specified components.

A.3.1.3.2.7 Entity operation

The actiyities of the entity which are needed during its operation for producing.the customers producf or
service which is its special mission along with all those tasks needed for monitoring, controlling, and
evaluatirlg the operation. Thus the resources of the entity are managed and controlled so as to carry[out
the procgsses necessary for the entity to fulfil its mission. Deviations‘from goals and objectives or arly
feedbacH from the environment may lead to requests for change, which includes enterprise re-
engineer|ng or continuous improvement of its human and technology resources, its business procesges,
and its ofganisation.

A.3.1.3.2.8 Entity decommissioning

These agtivities are needed for re-missioning, retraining, redesign, recycling, preservation, transfer,
disbandimg, disassembly, or disposal of all or pant_of the entity at the end of its useful life in operation.

A.3.1.3.3 Life history

The life Qistory of a business entity is-the representation in time of life-cycle tasks carried out on the
particulaf entity during its entire life span. Relating to the concept described above, the concept of life
history allows to identify the tasks pertaining to these different phases as activity types. This

demonstfates the iterative nature’ of the life-cycle concept compared with the time sequence of life
history. These iterations identify different change processes required on the operational processes and,
or the product or customenservices.

Note that a) the need for such subdivision is found methodologically very important (see the Purdue guide A
Handbook on Master Planning and Implementation for Enterprise Integration Programs), and b) the wording
allows for the consistency of this life-cycle phase definition with the ENV 40 003 which has only one design
phase. The reason for this difference is that the Purdue guide considers PERA and thus GERA as the model of
the methodology, and in that case the subdivision is essential. On the other hand CIMOSA and thus ENV 40
003 considers the life-cycle phases to be characterisations of modelling levels or languages. From this latter
aspect the subdivision is not necessarily essential, because the preliminary and detailed design differ only in
design detail. Using this wording GERA can play both roles a and b.
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Typically, multiple change processes are in effect at any one time, and all of these may run parallel with
the operation of the entity. Moreover, change processes may interact with one another. Within one
process, such as a continuous improvement project, multiple life-cycle activities would be active at any
one time. For example, concurrent engineering design and implementation processes may be executed
within one enterprise engineering process with considerable time overlap, and typically in parallel with the
enterprise operation.

Life histories of entities are all unique, but all histories are made up of processes which in turn rely on the
same type of life-cycle activities as defined in the GERA life cycles (A.3.1.3.2). For this reason life-cycle
activities are a useful abstraction in understanding the life history of any entity.

Figure A.3 illustrates the relations between life cycle and life history representing a simple case with a
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Figure A.3 <R arallel processes in the entity’s life-history
A.3.1.3.4 Entity types in enterprise integration
A.3.1.3.4.1 General

Figute A.4 showshow the life-cycle activities of two entities may be related to each other. The operation
of erftity A supports the life-cycle activities for design and implementation of entity B. For example, entity
A mgy be anengineering entity producing part of entity B, such as a factory.

Conyersely the life-cycle activities of entity A need to be supported with information about the lifg-cycle
details of entity B. That is. to identify a plant, to define its concepts and requirements, and to dedign it,

one must use information about which life-cycle activities of the plant's products need to be covered in

the operation of this plant.

Examples of other relations between the life-cycle activities of enterprise entities may be defined.
However, it is always the case that only the operational activities of entities influence the life-cycle
activities of other activities. GERA introduces the concept of entity types and the relations between the
different types. Many categories of enterprise entities can be defined. In the following two different ways
of categorising enterprise types will be discussed: an operation oriented set and a generic and recursive
set of enterprise entity types. The two sets have close relations to each other and both identify the
product entity as the result of the operation of other entities.
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A.3.1.3.42 Operation oriented enterprise entity types
These enterprise entity types, described below, are all con¢erned with different types of operations.

A.3.1.3.4.2.1 Project Enterprise Entity (Type A)

opetation —

Figure A.4 — E xample for the relationship between life

3

design

dedaiied desim

— inplementaticn
— operation

T decomrmission

cycles of two entities

This typq defines an enterprise (often with a short’life history) which is created for the one-off producfion

of another entity. Examples of project enterprise are: enterprise engineering project, one of a kind
manufacturing projects, building projects,-etc.

The project enterprise is characterised by its close linkage with the life cycle of the single product or

service which it is producing. The 'management system of project enterprises is typically set up quicHly,

while thejrest is created and gperated in lock-step with the life-cycle activities of the product of the

project.

Project gnterprises are'nermally associated with, or created by repetitive service and manufacturing
enterprisgs. A typical:example would be an engineering project created by an engineering enterprise

The products of project enterprises may be diverse, such as large equipment, buildings etc., or an
enterprisg (etg.‘a plant, or an infrastructure enterprise).

A.3.1.3.4.2.2 Repetitive — Service and Manufactur

ing — Enterprise Entity (Type B)

This type defines enterprises supporting a type- or a family of products, produced in a repetitive or
sustained mode. During their life history these business enterprises undergo multiple change processes.
Examples of repetitive business enterprise are service enterprises, manufacturing plants, engineering
firms, infrastructure enterprises, etc.

The products of the repetitive service and manufacturing enterprise may be diverse, such as non-
enterprise product entities (see below); or products which are enterprises themselves, e.g. project
enterprises are regularly created by engineering and building companies.

20
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A.3.1.3.4.2.3 Product Entity (Type C)

This type defines a very large class of entities including any artificial product, such as customer goods,
services, hardware equipment, computer software, etc. These entities are not enterprises themselves, but
their life cycles are described by GERAM.

A.3.1.3.4.3 Recursive enterprise entity types

A generic and recursive set of four enterprise entity types which have been defined as follows.

e H
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of thé Entity Type 1 all enterprisg entities will have an associated entity life cycle. However, it is

implement and build the products and customer services of the enterprise (Entity Type 4).

Product Entity (Entity Type 4), which is the result of the operation of -Entity Type 3. It represe

set may be complemented by a fifth entity type that represents the methodology needed for

Vethodology Entity (Entity Type 5), which represents(the methodology to be employed by ar

es, their ‘products’ and the relations between them. Figure A.5 represents the chain of enter

Strategic Enterprise Management Entity (Entity Type 1), which defines the necessity and the
of any enterprise engineering/integration effort.

Enterprise Engineering/Integration Entity (Entity Type 2), which provides the means to carry
anterprise engineering efforts defined by enterprise Entity Type 1. It employs a methodology|
Type 5) to define, design, implement and build the operation of the enterprise entity (Entity T

Enterprise Entity (Entity Type 3), which is the result of the operation of Entity Type 2. It uses
methodology (Entity Type 5) and the operational system provided by Entity Type 2 to define

roducts and customer services of the enterprise.
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e A.5 shows_ both the life cycle of the methodology (Entity Type 5) and the process model 0
odology.<There must be a clear distinction between the life cycle of the methodology (which
ntially thesdescription of how a methodology is developed) and its process model which is th
dual manifestation of the methodology entity itself used to support the operational phase of]
tular enterprise entities.
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The operational relations of the different entity types are also shown in Figure A.6 which demonstrates as
an example the contributions of the different entities to the life cycle of a manufacturing entity (Entity
Type 3). The manufacturing entity itself produces the enterprise product (Entity Type 4) in the course of
its operation phase.
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The defined set of entity types is seen to be sufficient to allow representation of other types as well.
For example, the distinction between on-of-a-kind or project related enterprise entities and continuous
operation type enterprises would only require different parts of the life-cycle activities to be used in the
life history of such entities. This is already indicated in Figure A.3 in which the engineering processes
could relate to an Entity Type 2 and the operational processes to an Entity Type 3 which produces the
product or customer services (Entity Type 4). The involvement of Entity Type 1 depends on the
degree of change to be carried out in the change process.

Entity Type 2
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Implementation
) Entity Entity Type 3
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MSt ategic Initiates, En?ity
aragement| - defines, c Enfity Type 4
Entity oncept
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Requirements Identification PVEOd_UCt
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Operation Establishes ' Task 1 Task 4—>
Taa'r\ J
Decommissionirw

Figure A.5 — Relationships between life cycles of GERA entity types
A.3.1.3.5 Process modelling

Process modelling is the activity that results in various models of the management and control as well
as the service and production processes, and their relationships to the resources, organisation,
products etc. of the enterprise. Process modelling allows the user to represent the operation of
enterprise entities and entity types in all their aspects: functional, behaviour, information, resources
and organisation. This provides for operational use of the models for decision support by evaluating
operational alternatives and for model driven operation control and monitoring.
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A.3.1.4 Technology oriented concepts
A.3.1.4.1 General

Both the enterprise engineering process and the operational environment employ a significant amount of
technology. Technology is either production oriented and therefore involved in producing the enterprise
products and customer services, or management and control oriented providing the necessary means for
communication and information processing and information sharing. Technology-oriented concepts have
to provide descriptions of the technology involved in both the enterprise operation and the enterprise-
engineering efforts.

For the operation oriented technology such concepts have to relate to models such as resource models

and atto od ner Sy lels,
infragtructure models), communication models (e.g. network models), etc.
All of these descriptions are applicable in the enterprise engineering environment as well. In add|tion,
therg are specific needs for information technology for the support of enterprise engineering (e.g
engimeering tools, model development services and model enactment services for animation, sirpulation,
and model based operation control and monitoring).
Mansfactring
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Entity Types
Enwrprice
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Figure A.6 — Relationships between GERA entity types

A.3.1.4.2 IT support for enterprise engin  eering and enterprise integration
IT support for enterprise engineering as well as enterprise operation should provide two main functions:

a) model portability and interoperability by providing an integrating infrastructure across heterogeneous
enterprise environments;
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b) model driven operational support (decision support and operation monitoring and control) by

provi

ding real time access to the enterprise environment.

To enable an integrated real time support of the operation, both the process descriptions and the actual
information have to be available in real time for decision support, operation monitoring and control, and
model maintenance.

A3.1.43

Enterprise Model Execut ion and Integration S ervices (EMEIS)

To illustrate the potential use of computer executable models for on-line operation of the enterprise,
Figure A.7 illustrates the concept of an integrating infrastructure linking the enterprise model to the real
world systems Integratlng services actasa harmonlsmg pIatform across the heterogeneous system

the integ
transfer (
modellin

Efforts a
(CCE/CN
been evy
executio
between
services

Relevant
Enterprid

ating infrastructure. The harmonising characteristics of the integrating infrastructure enable
pf information across and beyond the organisation. Through the semantic unification' of the
h framework interoperability of enterprise models is assured as well.

med at enterprise modelling support have been implemented in pilot implementations

MA, CIM-BIOSIS, CIMOSA, MIDA, OPAL, PISA, TOVE). Some of these project results hay
luated in a CEN/TC 310 report and have lead to statement of requirements for enterprise nj
h and integration services by CEN/TC 310 as well. The statement of-requirements distinguis
the model development services (MDS), the model executionsservices (MXS) and the gene
see Figure A.7). However no explicit service entities have been defined.

standardisation is in progress at the European level (see*work item “CIM Systems Architec
e Model Execution and Integration Services” CEN/TC310/WG1, 1994).
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Figure A.7 — Ref erence model of EMEIS
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A.3.1.5 Modelling f ramework of GERA
A.3.1.5.1 General

GERA provides an analysis and modelling framework which is based on the life-cycle concept and
identifies these three dimensions for defining the scope and content of enterprise modelling:

» Life-Cycle Dimension, providing for the controlled modelling process of enterprise entities according
to the life-cycle activities;

» Genericity Dimension, providing for the controlled particularisation (instantiation) process from
generic and partial to particular;

. iew Dimension, providing for the controlled visualisation of specific views of the enterprise entity.

Figute A.8 shows the three dimensional structure identified above which represents this medelling
framework. The reference part of the modelling framework itself consists of the generic‘and the partial
levels only. These two levels organise into a structure the definitions of concepts, basic and magro level
consifructs (the modelling languages), defined and utilised for the description of the-given area. The
particular level represents the results of the modelling process, which is the model or description|of the
entefprise entity at the state of the modelling process corresponding to the\particular set of life-cycle
activjties. However, it is intended that the modelling languages should support the two-way relatipnship
between models of adjacent life-cycle phases. That is, the derivation/f models from an upper tg a lower
state| or the abstraction of lower models to an upper state, rather than having to create different hodels
for the different sets of life-cycle activities.
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NOTE The left hand side represents the reference models, the right hand side represents the resulting particular
enterprise models.

Figure A.8 — The GERA modelling f ramework
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A.3.1.5.2 Enterprise modelling

Enterprise modelling is the activity that results in partial or particular enterprise models (e.g. various
models of the management and control as well as service and production processes, resources,
organisation, products etc. of the enterprise). The life-cycle activities of an entity may define various
models of that entity to be created. That is, the results of enterprise modelling are all the various designs,
models prepared for analysis, executable models to support enterprise operation, and so on (see
reference [13] of A.4.1).

The emphasis in enterprise modelling is currently on process and product models for representing

enterprise operations. Process oriented modelling allows representing the operation of enterprise entities

and entlty types in aII their aspects functional, behawour mformauon resources and organlsatlon Th|s
ey reg and

Enterprige models in general represent a very complex reality. In order to reduce this complexity
enterprise models have to allow the representation of certain aspects (views) of the modekh,/Aspects

Enterprise modelling is not limited to process modelling of the enterprise. All‘other customary design[and
analysis pctivities that create descriptions, or models, of the enterprise in.any’phase of the life cycle
(such aslengineering drawings, charts etc.) also belong to this categoryThe reason for the emphasi$ on
process modelling is only because this is a relatively new activity in entefprise design not earlier
practised. This modelling activity is, however, over and above the already practised ones, not to replace
them.

A.3.1.5.3 View concepts
A.3.1.5.31 General

To decrepse the apparent complexity of the resulting enterprise models GERA provides the view concept
which allpws the operational processes to be.described as an integrated model, but to be presented fo the
user in different sub-sets (model views) of amintegrated model (see Figure A.9). Views contain a suljset
of facts gresent in the integrated model.allowing the user to concentrate on relevant questions that the
respectivie stakeholders may wish to.censider using enterprise modelling. Different views may be mgde
availablg highlighting certain aspeets-of the model and hiding all others. The concept of view is
applicable for models of all entity types across their entire life cycle. Modelling views are generated from
the undeflying integrated model~Any model manipulation (any change of the contents of a particular,
view), wi|l be reflected in all relevant views and aspects of the model.

GERA degfines a “finest‘mesh of subdivision” of the kinds of models deemed desirable, allowing for the
fact that pn even finer subdivision may be prescribed by a GERAM-compliant candidate architecture} The
following| subdivisions of models or model views have been identified in GERA:

« Entity Model Content Views: function, information, resource, organisation;

» Entity Purpose Views: customer service and product, management and control;

» Entity Implementation View: human implemented tasks, automated tasks (management and control
technology and mission-support technology);

» Entity Physical Manifestation Views: software, hardware.

Additional views may be defined according to specific user needs.
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GERAM does not require every view to be present in every life-cycle phase. However, it requires that the
scope of the defined views is covered by any other different view subdivision. Thereby it is guaranteed
that all relevant facts are captured. For example, it is not as important to have a separate software view
and a separate hardware view as it is to model both software and hardware. The Enterprise Engineering
Methodology decides which model to produce and which modelling language or formalism to use to
describe that model. In other words the enterprise engineering process needs models for some pragmatic
purpose. For example, models can be used to express concepts such as:

a) a design choice;
b) to simulate a process to find some process characteristics, such as cost or duration;

Cc te analvuca an avictina nracace far findina incancictanciac Ar nthar N N or
P-aHary Se—ahR-exiStHhRgproceSSTHoHRGHRGHREORSISteREe S-B-omerP RS- } et

material flow;

d) tp analyse decision functions and find missing decisional roles.

The yiew concept is the generalisation of the view concepts of many architectures,including CIMOSA,

GRA| (and others). The GERA modelling framework allows for languages of different expressive| power
for each model view. This means that there is a choice of language in any particular view depengling on
what|analysis capability (and therefore expressive power) is required, according to the enterprise
engimeering methodology's needs.
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Figure A.9 — The Modelling View concept

A.3.1.5.3.2 Entity model content views

Four different model content views have been defined for the user-oriented, process representation of the
enterprise entity descriptions: Function, Information, Organisation, and Resource.
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The Function View represents the functionalities (activities) and the behaviour (flow of control) of the

business

processes of the enterprise. Decisional activities of the management related operations are

represented, as well as transformational and support activities. The functional view of the management-
and control system of an enterprise or entity is indeed the functional model of its decision system. (Note
that the management- and control system of the enterprise is often called the decision system.) The
function view includes functional models, process models, decision models, which differ in their
expressive power (and competency, e.g. in terms of what analysis questions these models can answer)
but all talk about some aspect of the enterprise function. As a result, the "function view" is a holding place
for a host of possible models. Examples include CIMOSA (see references [8] and [14] of A.4.1) function
view models, GRAI Grid (see reference [15] of A.4.1) and GRAI Net representations of decision centres,
Petri nets, Event Driven Process Chains, Generalised Process Networks, QGERT, and GPSS models. All
of the above types of models belong to the "function" view. Similar arguments can be developed for the

informati
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functions necessary to control that part of the enterprise entity which produces products or delivg

servi
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Lised and produced in the course of the enterprise operations. The information is identified f
ANt activities and is structured into an enterprise information model in the information view f
pn management and the control of the material and information flow.

burce View represents the resources (humans and technical agents as welhas technological
nts) of the enterprise as they are used in the course of the enterprise gperations. Resources

management.
nisation View represents the responsibilities and authoritiesonvall entities identified in the o
ocesses, information, and resources). It caters for the structure of the enterprise organisatio

g the identified organisational units into larger units suchas departments, divisions, section

delling views may be defined if needed (such as etological, economic) and supported by tH
ng tools.

y model content views in particular coversca great deal. This is because there are many diff
s which fit any given model view in this category.

.3 Entity purpose views

rent views, described below,allow to represent the model contents according to the purpos
prise entity.

Customer Service apd Product View represents the contents relevant to the enterprise entity
htion and to the operation results. This represents the mission of the enterprise entity being
ed.

Management and Control View represents the contents relevant to management and contro

ces fopthe customer.
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that the scope should extend to both the mission fulfilment part and the management part of the
enterprise. An enterprise engineering methodology may propose that separate models or descriptions be

prepared

A3.1.5.3

for these two parts.

.4 Entity implementat ion views

g

The implementation of the enterprise entity may be presented in two different views, described below,
based on the division between human and automated tasks.
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* The Human Activities Views represents all information related to the tasks to be done by humans.
The view distinguishes between the tasks that may be done by humans (extent of humanizability)
and those that must be done by humans (extent of automation).

» The Automated Activities View presents all the tasks to be done by machines. This includes

nformation related to those tasks to be carried out by mission support technology and those carried

out by management and control technology (i.e. ‘technology tasks’). The implementation view
distinguishes between the tasks that may be done by machines (extent of automatability) and those
that must be done by machines (extent of automation).

A.3.1.5.3.5 Entity physical manifestation views

Figu
inde
ente

the supporting engineering tool.

—~ O D —F — 0O 0

Q0O

omputer or in any other control device enabling the execution of an operation.task, or any get of
nstructions for humans with defined skills such that the instructions are for the humans to pgrform a
sk which they otherwise would not have been able to carry out. Software is also a controllaple state,
.g. a configuration description of manufacturing hardware, such that the"hardware in that
onfiguration can perform a task provided the configuration is maintained for the duration of fthat

Ask.

[he Hardware View represents all physical resources which have the capability to perform some sets
f tasks in the enterprise. Examples are a computer systemwith given performance characteristics,
n employee with given skills, or a machine with given functionality.

e A.10 shows an overlay of the different views identified above. The view categories are in [general
endent of each other, but certain combinations;may be useful to represent specific aspects|of the
prise at particular life cycle phases. The availability of any view is subject of its implementation in

Instantiation

-
Identificatiog Custotrer serwice 3 vib disision
according to purpose
C emare pt Manageient } L
at1d cortral of activity
Bequiite ments S ofterate 3 b divdision
Hardwsrare aocording to plesiml
Prefimgoa y dergn manifesta tion
Design
) ) Resource
Dvdizziied dlerpm Oyrarisation y S ubdivision
: according to
Imple roentation Flfl:i::;:r::on ;. model o oxtent
Ciperation
Dlec atrtrission . 3 ub division accor ding
Machite to mears of
: Human inplamerntation
Life-cycle o
phases
Beference Auchitectiae Particdar Architechae

Figure A.10 — GERA modelling f ramework with mode lling views
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A.3.2 EEMSs - Enterprise engin eering methodologies
A.3.2.1 General

Enterprise engineering methodologies describe the processes of enterprise engineering. Their scope is
defined in the GERA life-cycle concept. A generalised methodology like generalised architectures is
applicable to any enterprise regardless of the industry involved.

An enterprise engineering methodology will help the user in the process of the enterprise engineering of
integration projects whether the overall integration of a new or revitalised enterprise or in management of
on-going change. It provides methods of progression for every type of life-cycle activity. The upper two
sets of these actlvmes (|dent|f|cat|on and concept) are partly management and partly engmeenng
analysis preg-aeseription{modeting)tasks—Fhereqtirements-aned-de y tented
towards g¢ngineering tasks throughout the process including the product|on of enterprise models and
designs throughout the process.

Enterprise engineering methodologies describe the process of enterprise engineering and-will guide the
user in the engineering tasks of enterprise modelling. Different methodologies may exist'which will cpver
different aspects of the enterprise change processes. These may be complete integratien processes,| or
incremerjtal changes as experienced in a continuous improvement process.

The entefprise engineering process itself is usually directed to a repetitive service- or manufacturing
enterprisg or a project enterprise. The methodology may be specifically oriented to the type of entergrise
or entity pnder consideration.

Enterprise engineering may itself be carried out as a specific project. But the integration task may start at
any one pf the enterprise’s life-cycles activities, not necessarily inthe top ‘identification’ ones. For
example| a given engineering project of a new plant may not kiave to start with the identification and
concept fefinition of the plant, because the customer (who, Commissioned the design and building of [the
plant) may have already carried out these activities. In this‘case the engineering project enterprise should
only spegify the requirements and carry out the design/detailed design, and implementation (building)) of
the plant| Such engineering project will then use therequirements, design, and implementation parts|of a
completq enterprise engineering methodology.

Thereforg, in an enterprise engineering methodology the processes relating to the different tasks of
enterprisg engineering should be defined independent of each other in order to allow for their
combination in the context of the particular engineering task.

Enterprise engineering methodologies may be described in terms of process models or descriptions with
detailed Instructions for each type of activity of the integration process. This allows not only a better
understapding of the methedology, but provides for identification of information to be used and prodmced
resourcep needed and refevant responsibilities to be assigned for the enterprise engineering processf in
the courge of project-management of integration projects. A process representation of a methodolog
could enploy the relevant enterprise modelling languages. Enterprise engineering methodologies mx}y
also use modellingsmethodologies as components. A modelling methodology is a methodology with
aim of gijing, help to model developers who use a modelling language or set of languages, and descfibes
how a mpdelean be developed and validated (starting from scratch or using pre-defined partial modgls).

A.3.2.2 Human factor

The major part of a methodology is a structured approach which defines not only all the steps/phases to
be followed in an engineering and/or integration project, but also the way of involving as much as
possible people working in the company (users) in the analysis and design of the manufacturing and
service system.
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The involving of company users is an important success factor for an integration project. It is considered
that techniques used to build new manufacturing and service systems are currently difficult to understand
for business users of the future system particularly in the domain of the Information Technology. Besides,
according to the amount of investment necessary to build a new manufacturing and service system, one
needs to be sure that the design solution of the new system meets the objectives defined in the initial
user requirements. The design of the new system must be validated by users before any development or
implementation.

The involving of people of the company will facilitate the final acceptance of the designed system and
thus shorten the transition phase between the old and new systems. The methodology should make clear
distinction between the two major phases of the design: user oriented design and technology oriented

he user
is an

The pther aspect of human involvement in the enterprise is the place of humans in the designed|entity,
suchl|as a plant.

To show the true place of the human in the implementation of the enterprise functions, there is a need to
assign the appropriate ones of these tasks and functions developed in the Requirements Life-cy¢le Phase
to th¢ human element of the system. This can be done by considering the fGnctional tasks as grquped in
threq boxes in the Preliminary Design Phase (see Figure A.11).

This faction will separate the tasks of Mission Fulfilment and Management and Control as defined in the
Requirements Analysis phase into three, thus assign the tasks orfunctions involved to the appropriate
boxes which in turn define the automated information tasks which become the Information Systems
Archltecture functions and the automated manufacturing tasks-which become the Manufacturing
Equipment Architecture functions. The remainder (non-aut@mated) become the functions carried| out by
humans as the Human and Organisational Architecture.

The $plit of functions for implementation between htimans and machines forms the first definitiof of the
implementation of the resulting manufacturing system. Because of the inclusion of humans, therg must
be tHree separate elements in the implementation scheme: the Information System Architecture [the

Humpn and Organisational Architecture, and'the Manufacturing Equipment Architecture.

—h

Two |ines, the Automatability Line and the Humanizability Line, can be defined giving the limits ¢
automation and the limits of human-involvement.

The Automatability Line shows-the absolute extent of pure technologies in their capability to actually
automate the tasks and functions. It is limited by the fact that many tasks and functions require Human
innoyation, and so forthjand cannot be automated with presently available technology.

The Humanizability’Line shows the maximum extent to which humans can be used to actually imjplement
the tasks and funetions. It is limited by human abilities in speed of response, breadth of comprehension,
rangg of vision, physical strength, and so forth.

Still & third line, the Extent-of-Automation Line, can be drawn which shows the actual degree of
auto];ation carried out or planned in the subject enterprise entity. Therefore, it is the one which gctually
defines the boundary between the Human and Organisational Architecture and the Information Systems
Architecture on the one side, and the boundary between the Human and Organisation Architecture and
the Manufacturing (mission fulfilment) Equipment Architecture on the other side. Provided requirements
such as timing and co-ordination are fulfilled, it makes no difference what functions are carried out by
personnel versus machines, or what organisational structure or human-relations requirements are used.
Therefore, the actual extent of automation is determined by political and human relations-based
considerations as well as by technical ones. The location of the Extent of Automation Line is influenced
by economic, political, social (customs, laws and directives, union rules), as well as technological factors.
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Figure A.11 — Introduction of the concepts of Automatability, Humanizahility and Extent-of-
Automation lines to define the th  ree implementat ionarchitectures

A.3.2.3 |Project management

In order o perform in an efficient way the analysis, the design @nd the implementation within an

engineer|ng and/or integration project, the methodology mustassociate with the available project
managerpent techniques in terms of project planning, project budgeting and control, project follow-up and
so forth.

A logical|separation can be made between a project life cycle and enterprise system life cycle (see
A.3.1.3.4). Within the project life cycle

a) the cpntrol of the project is covered by the ‘management and control’ part of the project life cycld,
and

b) the execution (operation) of the-project is covered by the ‘service to the customer’ part,

as guidedl by the various phases defined in the life cycle of the system that is designed/built by the
project. Ip this sense ong-0f-the main activities within the project management's operation is the planning
of time ahd resources@nd the control of the steps to be executed and defined in the system life cycle.

Looking at the life history of a project it contains at least these three phases in time:

—

» project.start-up, aimed at defining the project organisation (various teams and managers), projed
preparation (definition of the what, who, when and how), project planning and the organisation of|the
project start-up meeting;

» project control, aimed at acceptance of deliverables (hard and/or software, machines, various
installations, etc.), monitoring of progress and continuous planning, managing problems and change,
and executing reviews and auditing;

» project termination, aimed at the general acceptance and the final evaluation of the project.

Examples of project management approaches associated with a methodology can be found in GIM,
SADT etc.
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A.3.2.4 Economic aspects

A methodology must take the economic aspect into consideration. In fact, the choice of various
investments depends on objectives that are often contradictory. To help designer to choose the best
solution, both technical and economic views should be studied at the different steps of an integration
project.

The methodology should allow the decomposition of the strategic objectives of the company into sub-
objectives of each function; and the specification of the technical solution must be followed by a
technical-economic evaluation. The economic evaluation can be split up in these 3 steps:

» calculation of the cost of the solution;

» performance measures of the solution;
e domparison of the solution costs with the budget.

The aim of this approach is on the one hand, to compare the project cost against the\investment|budget,
and ¢n the other hand, to compare the solution performances against the technical‘objectives derived
from|the company strategy. This comparison will allow to economically validate)or not the proposed
solutjon.
Examples of technical-economic evaluation approach can be found in ECOGRAI, GEM (GRAI Bvolution
Methodology) or Activity Based Costing.

A.3.3 EMLs — Enterprise modelling languages

The engineering of an enterprise is a highly sophisticated, mulfidisciplinary management, design|and
implémentation exercise during which various forms of descriptions and models of the target enterprise
will He created.

To develop enterprise models potentially more than*one modelling language is needed. The situation is
similar to software engineering where there arelno known languages that span the needs of all njodels in
all phases of the life cycle. The set of languages must be competent to express the models of all areas
defined in the modelling framework of thexGeneralised Enterprise Reference Architecture, GERA.

Entefprise models must represent the enterprise operations from various modelling viewpoints (3ee
A.3.1.5.3). For each area of the GERA modelling framework, there may be a modelling language
seledted according to the entefprise engineering methodology, which is suitable for the expressign of the
respégctive models. In practice; the set of languages will be smaller than the set of areas to be mpdelled,
with pne language suitable-for more then one area.

These two requirements must be satisfied in the definition of a complete set of enterprise modelljng
ages:

ery arearepresented in the modelling framework (see Figures A.8 and A.10) must be covgred for
ery enterprise entity type;

c UlIc cl cl U Ut
mation content of the model so requires.

. 3 oTeTr Teverop bject
areas, if the infor
Any subject area of modelling may be covered with more than one language, the languages being of
different ‘expressive power’, meaning that some languages may only be useful for the description of the
subject area but not suitable for certain analysis tasks. For example, the languages that belong to the
function view may differ in their capability of expressing certain characteristics of functions. For example,
the dynamics of the function, the behaviour of the function, the subdivision of the function into function
types such as product management, resource management, and co-ordination and planning. The
necessary expressive power, and thus the selection of languages, is related to the methodology followed.
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